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SYNOPSIS 


Mission 1004 (J-5), the third in the J series 
reconnaissance system, was launched 15 Feb- 
ruary 1964. The first phase (designated 1004-1) 
encompassed twenty-six operational photo- 
graphic passes (of which three were pro- 
grammed over the North American continent) 
and seven engineering passes. The first phase 
payload was air-recovered on 18 February 1964 
and included 7,618 feet of master (FWD) camera 
film, 7,512 feet of slave (AFT) camera fiim, 
40 feet of stellar index camera film, and 82 
feet of terrain index camera film. The pro- 
cessed footage contains 2,889 master panoramic 
frames, 2,850 slave panoramic frames, 405 
stellar index frames and 413 terrain index 
frames. 

All cameras operated satisfactorily 
throughout the mission. The photographic quality 
and interpretation suitability of the panoramic 
material are good and compare favorably with the 
results achieved in Mission 9062 (M-26). The 


film is comparatively free of degradation, with 
the exception of small out-of-focus areas on 
most frames of the forward camera. Terrain 
index photography is also good and the stellar 
index take contains numerous stellar images. 
However, as in previous missions, approxi- 
mately 40 percent of each stellar format is 
degraded by flare. 

The horizon images are good despite slight 
vignetting of the format corners. They are 
usable for determination of vehicle attitude in 
most operational passes. Underexposure was 
encountered on the port horizon cameras causing 
difficulty in determining vehicle attitude on most 
passes. Vehicle attitude appears to have been 
normal throughout the mission. 

Clouds and/or haze obscured or degraded 
approximately 31 percent of the panoramic pho- 
tography, which is exceptionally low in view of 
the adverse weather that normally prevails in 
the northern latitudes during the winter months. 


GENERAL FLIGHT DATA: 


Date of Launch: 15 February 1964, 2138Z 


Orbital Parameters: 


Launch Vehicle: Thor W/TAT Booster and Planned Actual (Revolution 26) 
Agena No 1174 Period: 90.67 Min 90.92 Min 
The first phase payload capsule (1004-1) Perigee: 100.5 NM 99.9 NM 
: , : Apogee: 234.65 NM 249.7 NM 
was recovered dry via air catch on Revolution Eccentricity: 0.0186 0.0207 
49, 18 February 1964. Inclination Angle: 75.0° 74.97° 
PART |. CAMERA OPERATION 


1. Master (FWD) Panoramic Camera No 124: 
The camera was operational throughout the mis- 
sion and the photography is comparatively free of 
degradation from light leaks and static dis- 
charges. Diagonal light leak traces are present 
in the second or third frames of a few passes 


and corona static discharges occurred in the 
third frame of most passes from pass D21 to the 
end of mission. However, degradation is rela- 


- tively minor. 


The photography obtained from the master 
camera is slightly inferior tothat from the slave 
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unit, primarily due to the existence of areas 
where the imagery is soft. These areas are 
found adjacent to the camera number edges of 
most frames in the supply and take-up corners 
of the formats. This condition should not be 
confused with the out-of-focus or soft photog- 
raphy normally present in the bonus areas of 
the formats. 


Numerous fine emulsion scratches are pre- 
sent in the take-up ends of all frames, and four 
small emulsion digs are consistently positioned 
on the frequency mark edge of each frame almost 
directly opposite the camera number. Three 
edge-to-edge abrasions, which appear to be 
cinch marks, are also found opposite the camera 
number, 

2. Slave (AFT) Panoramic Camera No 125: The 
camera was operational throughout the mission 
and the photography is slightly superior to that 
obtained from the master unit. The fourth or 
fifth frames in most passes contain diagonal light 
leak traces across the frequency mark edge of 
the film and equipment shadow images are pre- 
sent in the third from last frames. Numerous 
fine emulsion scratches are present near the 
take-up ends of all frames. 

3. Master (FWD) Horizon Cameras: 

a. The port (supply) horizon camera was 
operational throughout the mission. Exposure 
varied from underexposed to adequate. Image 
quality is good and the horizon arcs are unaf- 
fected by the vignetting which is present in all 
of the images. Difficulry was encountered in 
determining vehicle attitude, due to underex- 
posure occurring at the beginning of most 
passes. Example: pass 003, frame 1. 

b, The starboard (take-up) horizon cam- 
era was operational throughout the mission and 
the exposure was adequate in most passes. 
Image qualitv is good and the horizon curves are 
unaffected by the vignetted image corners. 
+. Slave (AFT) Horizon Cameras: 


a. The starboard (supply) horizoncamera 
was operational throughout the mission. Ex- 
posure was adequate and image quality is good. 
The horizon arcs are unaffected by vignetting of 
the image corners. 

b. The port (take-up) horizon camera was 
operational throughout the mission. Exposures 
vary from underexposed to adequate, but under- 
exposures predominate and present difficulties 
in determining vehicle attitude. Example: pass 
DO3, frame 6. Image quality is good. Although 
the image corners are vignetted, the horizon arcs 
are unaffected and are usable for determination 
of vehicle attitude. 


5. Stellar index Camera No D29/29/29: The 
stellar index camera was operational throughout 
the mission. However, 40 percent of each format 
is degraded by flare, as has been the case in 
previous missions. Despite the degradation, 
more than 40 stellar images including some at 
the 7th magnitude are detectable on most frames. 
The reseau is visible in the flared areas only. 

Sharply defined, extremely dense linear 
streaks are present intermittently within the 
formats. These are tentatively identified as 
images of crystallized formations of jettisoned 
fuel. 

The fiducial marks and correlation lamps 
were grossly underexposed and failed to record 
in the latter two-thirds of the stellar take. 

Edge static appears intermittently on the 
edge opposite the frame correlation fiducial 
mark. Occasional dendritic static discharges 
intrude into the formats. A gross fog level of 
0.23 is present in several sections of the film. 
The fog density is not sufficient to obliterate 
the formats, but detection of faint stellar images 
in the affected sections is rendered more diffi- 
cult. Opaque flaking from titling occasionally 
interfered with automatic stellar identification. 
6. Terrain Index Camera No D29: Theterrain 
index camera operated satisfactorily and pro- 
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vided good quality photography. Except for a 
slight fall-off in the format corners, the resolu- 
tion is good. Exposure ranges from slightly 
underexposed to adequate. Low to medium con- 
trast prevails, with a few examples of high 
contrast imagery. 

The reseau is well defined in all frames. 
The correlation lamps are underexposed and are 
not usable for the last two-thirds of the mission. 
Edge static is present on both edges throughout 
the film but is more severe onthe edge opposite 
the data chamber. 

a. The frequency marks on the master 
(FWD) and slave (AFT) materials are flared 
with reflected images. This has been the case, 
with few exceptions, in previous KH missions. 
Despite this condition, the marks are recorded 
outside the formats in the slave material and 
are readable. However, in the master film 
they are imaged inside the formats and are not 
readable, making the panoramic-index frame 
correlations troublesome to accomplish. 

b. The binary data blocks are good, al- 


PART il. 


1, Film Processing: This section pro- 


vides evaluations of processing, exposure, den- 
sity, and the physical condition of the original 
negatives.. Processing data is abstracted from 
records maintained by the processing con- 
tractor. Evaluation of exposure and determina- 
tion of the material's phvsical condition are 
accomplished by on-site inspection of the nega- 
tives as they are made available for titling 
breakdown. Densitometric readouts and a final, 
more thorough examination of the negative ma- 
terial are conducted by photographic analysts 
at a later date. 

The majority of the film in Mission 1004-1 
received adequate exposure. However, low sun 
angles and/or the terrain reflectivity in snow- 





though slightly bloomed. This caused occasional 
blossoming into the formats in the slave ma- 
terial. Lamp number 11 did not function on the 
slave panoramic camera after pass D19, frame 
3. Lamp number 14 on the slave film was very 
dim but legible throughout the mission. Single 
binary records are recorded at pass ends and at 
camera-off positions within the passes in the 
material from both panoramic cameras. 

c. The cameranumbers are slightly flared 
but readable. 

d. The panoramic fiducials are slightly 
ragged. 

e. The horizon fiducials are well defined 
with little or no flare present. 

f. The stellar and terrain index fiducial 
frame correlation marks were considerably un- 
derexposed and failed to record in the last two- 
thirds of the stellar/terrain index footage. 

g. The end-of-pass markers functioned 
properly in the master (FWD) and slave (AFT) 
cameras but were occasionally overprinted on 
the binary data block. Single markers were 
recorded at all camera-off positions. 


FILM 


covered areas caused abrupt changes at times. 
Approximately 79 percent of the material 
was processed at the intermediate level, 17 
percent at full, and 4 percent in the primary 
condition. Exposure changes in the panoramic 
film necessitated approximately 35 changes in 
development level while processing the take 
from each of the panoramic cameras. Since the 
density changes from light to heavy, or vice 
versa, occurred abruptly, the interrupted pro- 
cessing could not compensate for many of the 
exposure differences inherent in winter -photog- 
raphy of this nature. In view of the extensive 
footage involved, frame-by-frame compensation 
in processing is impractical at this time. 
The stellar and terrain index film received 


«3% 


TOP-SPCREF CORONA 
RO FORETON-DwoGe 


Oe eg ST oe IE - 








"TOP—SEEREF CORONA 
RU PORN OELEy 





normal processing. Examination of the terrain 
index negatives indicates this was slightly less 
than optimal. However, the density of the atellar/ 
terrain index negatives is considered adequate. 

2. Film Degradations: | 

Although relatively free of degradations, 
the film did contain examples of static dis- 
charges, fog, light leak traces, etc. 

Detailed descriptions and pertinent ex- 
amples follow: 

a. Master (FWD) Panoramic Camera: 


Intermittent and few. Examples are 
pass A11E, frame 2; psss D30, frame 
3. Film transport indications are 
present at the beginning and/or end 
of a number of passes. Edge-to-edge 
fog degrades pass D49, frames 23, 
25. 27, 29, 30. 


wa 


Light Leaks 


Discharges are first noted in pass 
D231, frame 3, and are present in the 
third frame of most of the following 
passes; such as passes D23, D24, 
D33, D36, D47, D49. 


Corona Static 


Four smail emulsion digs appear con- 
sistently on the frequency mark edge 
of each frame opposite the camera 
number. 


Emulsion Digs 


Scratches and Three edge-to- edge abrasions resem- 
Abrasions bling cinch marks appear to be as- 
sociated with the above-mentioned 
digs. Rail scratches are aiso pres- 

ent throughout the film. 


Pinholes and intermittent and few. 


Blisters 
+ Density streaks Present in some passes. Example is 
pass DO4, ftames 2-30, where the mi- 
nus density streaks are most numer- 
ous and persistent. 
* Density fogging Present on some passes. Example is 
from heavy pass D17, frame 47. 


density arcas 


b. Slave (AFT) Panoramic Camera: 


Light Leaks Present on the frequency mark edges 
of the fourth or fifth frames in the ma- 
jority of passes. Film transport in- 
dications are found in the first and 
last frames of most passes. Equip- 
ment image shadowgraphs are gen- 
eraily present in the second or third 
frame preceding a camera-off position. 


Corona Static Infrequent and toward the end of the 
mission. Example is pass D35 frame 3. 

Emulsion Digs Few noted. 

Scratches and Numerous fine short scratches are 


Abcasions present in the take-up ends of all 
frames. These appear to have been 
camers-induced. 


Pinholes and 
Blisters 


intermittent and few. 


tDensity Streaks Minus density streaks are present in 
some passes. Example is pass D04 
frame 12. 


+Density fogging Present on some passes. Example is 
from heavy pass D17 frame 52. 
density areas 


¢. Stellar Index Camera: 


Flare Forty percent of every format is 
flared by reflections from the baffle and 
lens elements, and a small flare of 
unknown otigin appears st the lower 
center of the format. 


Vignetting Approximately 10 percent of every 
format is vignetted by the vehicle. 


Fog A high gross fog level appears eight 
different times and may be associated 
with a very small light teak that af- 
fected the film when it was at rest for 
8 long period of time. 


Static Discharges Intermittent dendritic discharges and 
edge static traces are present on the 
edge opposite the frame correlation 
fiducial mark. 


Scratches and Fine scratches are noted throughout 
Abrasions the film. 


d. Terrain Index Camera: 


Static Dischatges Dendritic discharges occur intermit- 
tently on both edges and intrude into 
the formats in anumber of cases. Ex- 
ampies are frames 149, 150, 175, 409. 
Edge static is also present on both 
edges but is more severe on the edge 
opposite the data chamber (titled 
edge). 


Scratches and Numerous fine parallel scratches run 
Abrasions continuously through the film. 


Desensitized Spots Two desensitized spots, apparently 
derived from particles of foreign mat- 
ter on a roller, are present in each 
frame. 
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PART Ii. 


l. Photographic Interpretation (Pl) Suit- 


ability: This is an assessment of the informa- 
tion content of photographic reconnaissance ma- 
teria] and its interpretability. A number of in- 
terrelated factors are involved, such as the 
quality of the photography, the extent of target 
coverage, scale, weather limitations, and simi- 
lar considerations. However, the criteria for 
assigning a PI suitability rating may be re- 
duced to (a) the scope of the photographic cover- 
age and (b) the degree to which a photo inter- 


preter may extract useful and reliable informa- . 


tion from the material. 

PI suitability ratings are categorized as 
Excellent, Good, Fair, Poor, and Unusable. 
These ratings refer to the overall interpretive 
value of the photography obtained from a parti- 
cular reconnaissance mission. Individual tar- 
gets may also be assigned PI suitability ratings 
if that is necessary or desirable. The standards 
that determine assignment of the various ratings 
are as follows: 

Excellent: The photography is free of de- 
gradation by camera malfunctions or processing 
faults and weather conditions are favorable 
throughout, The imagerv contains sharp, well- 
defined edges and corners, with no unusual dis- 
tortions. Contrast is optimal and shadow de- 
tails, as well as details in the highlight areas, 
are readily detectable. Observation of small 
objects and a high order of mensuration are 
made possible by the consistently good quality 
of the photography. 

Good: The photography is relatively free of 
degradation or limiting atmospheric conditions. 
Edges and corners of objects are well-defined. 
No unusual distortions are present. Detection 
and accurate mensuration of small objects is 
feasible, but to a lesser degree than in material 
rated as “Excellent”. 


qa 





IMAGE QUALITY 


Fair: Degradation is minimal but the acuity 
of the photography is less than optimum. Edges 
and corners of objects are not crisply defined 
and there is loss of detail in shadow and/or 
highlight areas. Detection and identification of 
small objects is possible but accuracy of men- 
guration is reduced by the fall-off in image 
quality and the less-than-optimum contrast that 
prevails. 

Poor: Camera-induced degradations and /or 
weather limitations severely reduce the quality 
of the photography. Definition of edges and cor- 
ners is not sharp. Only gross terrain features 
and culture may be detected or identified and 
distortion of form may exist. Accurate mensura- 
tion of even large objects is doubtful. 

Unusable: Degradation of the photography 
completely precludes detection, identification, 
and mensuration of cultural details. 

2. PI Suitability of Mission 1004-1: The 
PI suitability of the photography obtained in 
Mission 1004-1 is good. A total of 149 targets 
was observed and reported in the preliminary 
PI reports. Of these, 14 targets are classified 
poor quality photographs because of snow cover 
or combined snow and haze effects, and six tar- 
gets are rated poor quality because of cloud 
cover and/or haze. Highlights of the initial 
scan performed by the photo interpreters are 
reported as follows: 

(1) New identifications, including various 
missile sites, complexes, missile storage sites 
and support area construction at suspect missile 
sites, 

(2) Detection of unidentified new-type sus - 
pect missile Sites. 

(3) Corrected identification of a possible 
nuclear weapons installation, previously clas- 
Sified as an industrial installation. 

It should be noted that the preliminary re- 
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port represents the initial-scan results only, 
accomplished in a short time and without the aid 
of the precise analytical and mensural instru- 
ments normally employed in photographic analy- 
sis. More detailed study of the photography may 
develop additional information or may necessi- 
tate alteration of portions of the preliminary 
report. 

Although the PI suitability of Mission 1004-1 
is good, the film contains a variety of degrada- 
tions, many of which are potentially capable of 
seriously affecting image quality. Examples 
follow: 

Corona Static: This can be a major 
source of film degradation. Fortunately, in 
Mission 1004-1 the discharges were not severe 
and affected only the third’ frames of passes 
D21-D49, FWD. Example: pass D47, frame 3. 
A single corona discharge is present in pass 
D35, frame 3 (AFT). 

Light Leaks: The master (FWD) 
panoramic material contained a few intermittent 
light leak traces, as in pass D47, frame 2. 
Evidence of light leaks is more consistent inthe 
slave (AFT) panoramic film, where the majority 
of passes contain traces on the frequency mark 
edges of the fourth or fifth frames. Examples: 
pass D47, frame 4 and pass D31, frame 5. In 
addition, random light leak traces are exempli- 
fied in pass D31, frames 43 and 44. Equipment 
images (shadowgraphs) are present in the ma- 
terial from both cameras and usually occur in 
the second or third frame preceding a camera- 
off position. Example: pass D47, frame 38. 

Seratches and Abrasions: The effect 
of scratches and abrasions on imagery in any 
photographic reconnaissance system cannot be 
ignored. The potential degradation is intensified 
in this system where the scale is such that 
even a small scratch or abrasion may obliterate 
or degrade a target of significance. Mission 
1004-1 contains a repetitive scratch/abrasion 


pattern in the material from both panoramic 
cameras. Numerous fine short scratches appear 
in the take-up ends of all frames in the slave 
(AFT) panoramic film. The master (FWD) ma- 
terial contains emulsion digs with associated 
cinch marks on the frequency mark edge ofeach — 
frame, positioned almost directly opposite the 
camera number. Examples: pass D06, frame 
1 (FWD and AFT) and pass D31, frame 26 (AFT). 


Image Motion: Characteristically, this 
is evident in the first and last frames of each 
pass in both cameras. Smeared imagery may 
also be detected in the second and third frames 
but only if the film is viewed under considerable 
magnification. Examples: pass D30, frame 1 
and pass D31, frame 45 (FWD and AFT). 

Image Softness: The master (FWD) 
panoramic material contains areas of soft 
imagery adjacent to the camera number edge 
of the film. These areas are confined to the 
supply and take-up corners of the formats. 
The soft condition of the imagery is severe in the 
supply end of the frames. Example: pass D17, 
frame 24. 

Plus/Minus Density Streaks: The ma- 
terial from both cameras contains random 
minus-density streaks. Examples: pass D04, 
frame 16 (FWD) and pass DO04, frame 12 (AFT). 
Pass D17 exhibits plus-to- minus density streaks 
of unknown origin, ‘Extensive streaking of this 
nature could seriously affect PI suitability. 
Examples are found in frames 47 (FWD) and 
52 (AFT) of pass D17. 

Frequency Marks: The marks are in- 
variably flared with reflected images, and may 
be recorded inside the formats as in the master 
panoramic material. When this is the case they 
are unreadable. Their image-degrading po- 
tential is slight since the marks are seldom in- 
tense enough to mask out images and barely in- 
trude on the formats. However, this is obviously 
an undesirable condition. Example: pass DI7, 
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frame 47. A double elongated frequency mark 
is present in pass D36, frame 105. This is an 
unusual. occurrence, not previously observed. 
Operation of the Stellar /Index unit is normally 
signified by a single elongated marker on every 
seventh panoramic frame. 

Data Block Record: This record holds 
little significance with regard to PI suitability 
even when the binary record blooms into the 
format. However, it is conceivable that the 


binary lamps may be overprinted on a target of 
value in the peripheral imagery along the titled 
edge of the formats. Therefore, this is an un- 
desirable condition. Example: pass D31, frame 
42 (AFT). in pass AllE, frame 4 (AFT) the 
end-of-pass (EP) marker is overprinted on the 
binary record. This displacement of the EP 
marker has been observed to occur inter- 
mittently in previous KH missions. 

Manufacturer's Splices: These opaque 
splices obviously degrade PI suitabiliry when 
they are positioned within a format. Example: 
pass D1i7, frame 47 (AFT). 

Several additional factors affect PI suit- 
ability. These are not related to photographic 
and/or processing procedures and equipment 
and are therefore listed separately, as follows. 

Atmospherics: Thirty-one percent of Mis- 
sion 1004-1 is degraded by clouds and/or haze 
conditions, including industrial haze in dense 
cultural areas. Examples of the latter condition 
are found in pass D22, frames 95 (FWD) and 
99 (AFT). 

In addition to the above, seasonal climatic 
conditions may degrade PI suitability or enhance 
it. The effects of snow, for example, may be 
advantageous or injurious. Snow, as an assetto 
the photo interpreter, is exemplified by frame 
46 of pass DO9 FWD. The injurious or degrading 
effects of wind-blown snow are exhibited in pass 
DO8, frames 49 (FWD) and 54 (AFT). 

Low Solar Elevation: This affects Pl suit- 


ability to various degrees, depending on terrain 
reflectivity and sun azimuth with regard to the 
vehicle as well as the angular position of the 
sun over the horizon. Example: pass D39, 
frames 5 (FWD) and 11 (AFT). 

Image Distortion: | Some distortion of 

imagery is inherent in the photography. How- 
ever, the image distortion, while noticeabie, 
is seldom severe. Example: pass D21, frame 
113 (FWD). 
MIP rating is an arbitrary figure intended to in- 
dicate the quality of the best photography ob- 
tained in a particular mission. It is representa- 
tive of the camera system's maximum capability 
for recording information. Therefore, photog- 
raphy containing adverse factors such as atmos- 
pherics, low solar elevation, and similar degrad- 
ations is eliminated in the selection of the MIP 
example. The MIP rating assigned to a mission 
is indicative solely of the camera system's 
photographic capability, exclusive of degrada- 
tions which are not camera-derived. The MIP 
Selection may constitute a portion of a frame, 
one frame, or several frames. In any case, the 
selected examples of best photography are not 
indicative of the success, quality, or PI suit- 
ability of the mission as awhole. The selections 
represent only the camera system's maximum 
capabilities. The criteria which govern selection 
of suitable MIP examples are as follows: 

a. The photography must be comparatively 
free of cloud cover and/or atmospheric inter- 
ference. 

b. The selected targets should be at or 
near frame-center in order to minimize obliquity 
and similar distortive factors. 

c. No photography affected by system 
malfunctions can be considered for MIP selec- 
tion. This eliminates the first few frames and 
the last frames of the passes since these may 
contain smeared images as a result of incorrect 
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scan arm speed. In addition, the selected pho- 
tography must be free of effects induced by 
vehicle pitch, roll or yaw deviations. 

d. Sun angle must be near optimum. Over- 
exposed or underexposed photography is not suit- 
able for MIP selections. 

e. Preferably, high contrast targets such 
as airfields are chosen for comparison with 
similar targets covered in previous missions 
which have been assigned MIP ratings. 

4, MIP For Mission 1004-1: Based onthe 
foregoing, frame 18 (AFT) of pass D47 is the 


MIP selection for Mission 1004-1. The mission 
is assigned an MIP rating of 85 and is consider- 
ed comparable to Mission 9062. 

The MIP frame contains a large seaport 
and an airfield near frame-center. The photog- 
raphy is cloud-free and haze is minimal. 

Additional examples of good photography 
were selected. These are pass D31l, frames 24 
(FWD) and 29 (AFT); pass D40, frames 112 (FWD) 
and 117 (AFT). Resolution targets are present in 
pass D31, frames 24 (FWD) and 29 (AFT) and 
pass D47, frames 19 (FWD) and 25 (AFT). 
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APPENDIX A. SYSTEM SPECIFICATIONS 


Panoramic Cameras Stellar and Terrain Indez Cameras 
Master Slave 
(Fwd) (Att | setter — | laden 

Camera No 124 125 Camera No D29/29/29 D/29/29/29 

Lens Serial No 0642435 1022435 Lens Serial No 10494 811906 

Slit Width 0.250" 0.250° Reseau Serial No 29 29 

Aperture (/3.5 {3.5 Filter None Wratten 21 

Filter Wratten 21 Wratten 2) Aperture £/1.8 €74.5 

Operational Focal Length 609.602 mm 609.602 mm Exposure Time 2 secs 1,/500 sec 

Film Type 4404 (SO 132) 4404 (SO 182) Operational Focal Not Not 

Film Length 7.618 7,512" Length Reported Reported 

Splices 2 2 Film Type 4401 4400 

Emulsion 45-78-75-12-3  45-73-75-12-3 Film Length 40 82" 

Static Bench Test Splices None None 
High Contrast 290 L.’mm 236 L.’mm Emuision 7-3-1+4 16-4-11-3 
Low Contras 160 L.’mm 155 L.’mm Perpendicularity of 0.0013" 0.009"" 

penance Fe3t Reseau to optical 0.987"' 2.25"! 
aah get Re sh pel pi pu axis 
Itek Low Contrast /Tam 5 L.mm : Sok 
AP High Contrast 163 L/mm 215 L/mm Loceion.of Priacipal = e Sa asaas 
AP Low Contrast 107 L ‘mm 108 L.’mm Point sas 





Horizon Cameras 


Starboard Port Starboard Port 
(Take-up) ( Supply) (Supply) (Take-up) 
Camera No 124 124 125 125 
Lens Seriai No 612265 812271 812270 612272 
Exposure Time 1.'100 sec 1,100 sec 1/100 sec 1/100 sec 
Aperture f ‘6.0 [/6.8 f/8.0 6.5 
Filter Wratten 25 Wratten 25 Wratten 25 Wratten 23 
Operational Focal 
Length 54.452 54.33 58.4645 58.464 
Average Lines ‘mm 162 L.’mm 167 L/mm 111 L/mm 178 L/nm 
Radiai Distortion 
10° off axis -009 mm -.015mm -004 mm -002 mm 
20° off axis -012 mm -.015mm -002 mm -009 mm 
Tangential Distortion -004 mm NA -005 mm -003 mm 
Camera No 124 
Resolution Take-up Supply 







Angie Off Axis 


Radial Distortion 


Tangentia! Distortion 


Camera No [25 
Resolution Take-up Supply 







Angle Off Axis 
Radial Distortion 


Tangential Distortion 
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APPENDIX B. TECHNICAL COMPENDIUM 


1. Master (Fwd) Pancramic Camera 
Limiting 


‘Td 





p03 1111 205 1114 08°55" 14°34’ -00°08' 02°53' 964.431 1/149 L114 1.91 O77 Lad 1.91 0.77 O11 

pos - ic 1111 0206 1120 2000 1439 -0015 0249 256,411 1/202 0.55 1.86 1.31 0.55 1.98 1.43 0.10 

p03 7 09 2112 0210 12998 2201 1506 0010 0215 298,649 1/225 0.92 2.05 1.13 0.92 2.10 1.18 0.12 

pa 7 10, 1311 0339 1214 1545 1456 0013 0228 240,546 1/159 0.59 1.79 1.20 0.59 1.84 1.25 0.11 

DO «129 _ 06 __ 21138 0242 1954 96 45_ 151) 0005 02:10 222.205 1/243 0.68 2.02 1.34 0.52 2.18 1.66 0.10 

DOS 13. OT 1111 0512 1155 2355 1503 0004 0253 296,960 1/219 0.40 1.45 1.05 0.40 1.6 

p06 26 8609 «61134 «60639 «1140 1207 1442 -0007 0235 959,901 1/206 0.80 1.42 0.62 0.66 1.8 

p06 65 09 1111 0641 1204 1736 1514 OO11 02 26 ogg5o5 1/221 0.78 1.74 0.96 0.70 1 

p06 =: 131 06 3111 0646 1348 3440 1451 0012 O28 15 919,176 1/254 0.50 1.88 1.388 0.50 2.07 1.57 0.08 
2 


3 ke @& em 


% 
ow 


{ 


ee to 


DOT «13091112 0811-1924 1432 1503 -0015 0211 244,376 1/925 0.65 1.85 1.90 0.65 9.90 1.55 0.09 
DOF «= 6_—s«iOD-sCANTI««OS1S 1307 2917 1504 0004 0201 290,068 1/243 0.67 1.65 0.76 0.67 71.92 1.05 0.07 
DO 20 11 1134 O944 19395 2047 1505 0000 0235 230,175 1/229 0.96 1.75 0.77 0.98 2.01 1.03 0.12 
pop 19 HOC «1215 1282 2198 1454 -0004 0247 999,259 1/229 0.73 1.83 1.10 0.47 1.94 1.47 0.10 
Dog 74H] «so1427 «1255 2633 1509 0025 0214 218,618 1/243 0.41 1.95 1.54 0.41 2.14 1.73 0.10 
DIT OF = OH -2B2B_-23KO 1436 55.02 14.36 0005 0312 248,220 1/217 1.10 1.70 0.60 0.50 2.94 1.74 0.10 
DIT 47—i—«d'(‘iéBAD 1421 5246 1509 0020 0237 266,083 1/217 NR NR NR 0.50 2.26 1.78 0.12 


DI9s«10—s«OSsTAAL)=«0219 1042 0657 1446 -0001 0387 959193 1/199 1.06 2.08 1.02 1.06 2.08 1.02 0.22 
D19 «= -386.——s«HSC«dCSE:«=«02ZO «1195-1152 1531 0004 0239 952.415 1/212 6.99 2.18 1.19 0.99 2.18 1.29 0.21 
DI9 =s-76—«iSCi«aBA ND «1200 1710 1439 0020 0247 937,939 1/225 1.11 1.93 0.82 1.11 1.93 082 0.11 
D200 «1T)— OND 0352 «124A 1412-15-11 0019 0232 949.907. 1/217 0.57. 1.62 1.05 0.57 1.78 1.21 0.09 
D200 701187 0855 «1220-2152 1452 0022 0230 994.139 1/234 0.54 1.92 1.38 9.54 1.99 1.38 0.06 
D0. «999.1134 03ST «ey 3E BO 1314 0004 0306 214,562 1/248 0.55 2.01 1.46 9.23 3.01 1.78 0.08 


D2! 10 OF} 1111 524 1209 1940 1517 0024 0243 235,082 1/229 0.78 1.73 0.95 0.78 9.08 1.25 0.19 
D21 63 10° 1111 0527 1237 2651 1515 0020 02293 216,941 1/243 0.53 2.07 1.54 0.53 2.07 1.54 0.09 
D21 113 11) 1114) «©0529 1255 3512 15 09 0009 0305 _ 910,245 1/254 0.45 29.12 1.67 0.45 2.12 1.67 0.08 
: 22 v1 GO 3221 0651 1020 0521 1416 NR 0240 o¢@9 947 1/147 0.81 1.88 1.08 0.61 1.69 1.06 1.17 
p22 29 O04 1111 0653 1196 1237 1455 0020 0242 247,604 1/202 0.52 1.69 1.17 0.52 1.77 1.95 0.11 
D2? 94 10) 111) 0656 12168 2209 1522 0001 0301 297,867 1.235 0.61 1.93 1.82 0.61 2.02 1.41 0.11 
D23 36 Os 2111 O824 1317 1101 1310 0014 0247 246,347 1/210 1.20 1.82 0.62 1.90 1.82 0.62 0.91 
D253) ot4 09 121] 0830 1228 3322 1442 0024 0236 929.607 1/236 1.04 2.14 1.10 1.00 2.14 1.14 O11 
D:4 12 Op 2221 0957 1200 th 45 1514 0010 0322 231, "797 1/924 0.77 1.75 0.95 0.777 1.75" 0.98 O09 
D4 gv Oo 4412 1000 1253 2957 1516 0017 0235 15,974 1/245 0.51 1.59 1.08 0.51 2.04 1.53 0.10 
p30 14 O& 4214 1909 1333 4327 1452 0015 0242 204,546 1/258 0.48 1.34 0.86 0.48 9.12 1.64 0.08 


D31 24 OT 1111 2040 1408 4217 1515 -0003 0311 204,852 1/258 0.89 1.52 1.13 0.89 1.52 1.18 0.08 
D33 43__ 08 | 1111__ 2332 _1903 1007 15126 0011 02.50 247,818 1/216 0.62 1.71 1.09 0.62 1.71 1.09 0.10 
D33 99 06 2223 2354 0923 4654 1496 0010 0336 254,103 1/206 0.65 1.87 1.99 6.65 9.16 1.51 0.10 
D34 10 OT 1111 0102 1011 0530 1451: 0001 02 46 253,806 1/204 0.91 0.98 0.07 0.65 1.54 0.96 0.90 
N34 95 11 0 432700 O06 «61152 1B 5b) 1458 -0011 02 26 997,908 1/234 NR NR NR 0.868 2.40 1.79 

D3 us OF «63232 0233) «1010 05 2h 1446 0002 03.30 952.40 1’204 NR NR NR 0.75 1.28 0.58 0.91 
D35 67 Q9 1311 0235. 1128 14 2915 11 0011 02 51__ 93 1/226 0.74 1.81 1.07 0.56 1.88 1.32 0.10 
D36 O4 02 1112 0408 1208 2254 1516 0034 0297 225.373 1/295 0.54 1.66 1.12 0.54 1.91 1.87 0.10 
D36 27 OT 1122 6409 1221 2623 1505 0019 06216 220,942 1/245 0.88 1.91 1.08 0.47 1.97 1.50 0.10 
D36 a6 O9 1111 O§8f1 1242 3406 1500 0025 0246 211,694 1/956 6.74 9.09 1.98 0.51 9.07 1.56 0.11 
D3I7)—s«129 OF 45421) OF47 1255 50 0F 15358 0013 063 06 263,919 1/961 NR 0.96 NR 06.47 9.07 1.60 0.09 
Dib On OF 1111) OF7OT 1120 1353 1510 0023 0296 241,256 1/999 0.49 1.42 1.00 0.42 9.05 1.63 0.11 
Dis 10109 TEL OOF11 22s AT 1G 1456 0016 0235 916.311 1/248 0.96 1.94 0.98 0.74 2.08 1.34 0.08 
D3 05 Oh 1124 O8BT 1082 08 25 1457) COOK 0256 236.671 1/2804 0.52 1.01 0.49 0.24 1.40 1.16 0.10 
Di9 ON 10 2111 Om4t 1207 2241) 1503 0096 0231 999,945 1/242 0.72 1.92 1.20 0.62 1.95 1.93 0.09 
D40 Un ON TTL 1010 1145 1809 1502 O14 0254 232,377 1/231 0.80 1.57 0.77 0.80 1.62 0.82 6.11 
Dig te | OF OV 1014 eT F246 15.31 0010 02 31 212,663 1/254 1,10_ 2.62 0.96 0.24 2.129 1.86 0.09 
D4? 13 Os 2111 2054 1331 3013 1527 -000$ 0249 203,987 1/257 0.48 1.97 1.49 0.48 9.03 1.55 0.17 
Dag 19 1O 111) 2346 1105 1225 1502 0001 NR 240,167 1/225 0.63 1.66 1.05 0.52 2.04 1.52 0.08 
SV 











Terrain Limiting 
D Max Range = 0..98-2.15 D Max Range 1. 1,28-2.40 
DMin Range 0.39-1.14 D Min Range 0.24-1.14 
Avorage D Max 1.77 | Average D Max 1.95 
Average D Mia 0.72 Gtosx Fog Range 0.07-0.21 Average D Min 0.63 


Average Gross Fog 0.11 
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Do3 
Do3 
DO3 
DO4 
004 
DO5 
Dos 
DOG 
DOE 
DOt 
Dnt 
Dir 
Dn 
Dos 
DIT 
Dit 
D198 
D19 
Dis 

3) 
Dz0 

2 
D! 
D2! 
Dt 

phe 
D2. 
D2: 
D2: 


Dv4 
Dv4 
D3u 
D3) 
D33 
D33 
D34 
D:i4 
D1: 
Dai 
D336 
D36 
D36 
Dit 
D3. 
Bits 
D34 
D4 
Dat 
Dye 
Diz 
D4 


006 
015 
O81 
076 
133 
AIS 
032 
070 
135 
018 
067 
U25 
025 
079 
H10 
052 
O15 


OK1 
O22 
Ni 
103 
016 
(iis 
li? 

07 
Nad 
098 
(41 
Tis 
UES 
O94 
920 
029 
049 
105 
116 
iy 
O15 
read 

a9 
033 
nh} 
Lg 
Hig 
105 
tht 
Tie 
{14 
pay 
si) 
O24 


th4 
{hs 
O5 
06 
Os 
05 
O6 
6 
04 
(bs 
Om 
(ih 
Cs 
ts 





Nate NR denotes no reading made 


D Max Range 


D Min Range 
Average D Max 
Aseorage D Min 


l1E] 0205 1114 
1111 0206 1120 
2112 Q210 1296 
lill 0339 1214 
2113 0342 1254 
1111 0812 1155 
1134 «60639 «21140 
1111 0641 1204 
3211 0646 1343 
1111 6611 1294 
1111 OBIS 1307 
1134. OO844 «61235 
1111 #1115 1232 
1111 «#1317 «1955 
9934 2340 1438. 
9997 2342 1491 
111] 0219 1042 
1211 0290 1195 
3934 02992) 1900 
7112 «03852 —«1148 
HI3t 60455) | (1220 
1134 0357 184ny 
1171 OF24 12th} 
131] «0527 1937 
1itl 0529  125n~ 
3211 065] 1020 
Ill] «60653-1196 
1112 «0656 1213 
2111 0634 1317 
111! O83 = 12823 
T1210 «609570 (1200 
4412 1000) 1253 
3112 1909 «1333 
L111 2040 14903 
1t11 2332 1203 | 
2293 29354 0993 
1111 «6102 «30121 
4411 0106 1152 
3931 0233 1010 
1111 «#8235 1126 
111] U405 1209 
1123 0408 «1291 
tit 0 =O411 1242 
4321 0 (U547 -1255 
111%) 6707) ot t20 
itt OTTr 1222 
1124 Oa37 122 
1111) O41 1207 
111 nto =F 
M11 O14 1227 
1111) QOH «1331 
1t11 2446 1105 
Terrain 
1.12-2.21 
0.21-1.90 
170 
(L6 
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2. Slave (Aft) Panoramic Camere 


Limiting 





08°35' 15°17' -00°13' 08¢49° 264,441 1/195 0.56 1.75 1.19 0.52 2.07 1.55 0.12 
1000 1514 -0015 NR 256,411 1/200 0.52 1.90 1.36 0.47 2.4 1.37 0.11 
9201 1417 0010 0291 296,649 1/996 1.12 2.21 1.09 0.94 2.15 1.21 0,06 
1546 1456 O13 0224 240,546 1/917 0.82 1.56 1.64 0.42 1.62 1.20 0.07 
2645 1444 0005 0208 229,995 1/2936 0.53 1.69 1.11 0.34 2.04 1.70 0.08 
9355 1454 0004 0248 296,960 17912 0.45 1.34 0.66 0.37 1.60 1.43 0.10 
1207 1504 -0007 0297 252,901 1/205 0.67 1.45 0.78 0.54 1.91 1.37 O.11 
1736 1436 OO11 0222 238,505 1/2991 0.76 1.74 0.96 0.55 1.90 1.35 0.12 
3440 1504 0002 0215 212,176 1/254 0.57 1.64 1.07 0.37 1.75 1.38 0.06 
1432 1445 -0015 0206 244,376 1/2925 0.78 1.91 1.13 0.41 2.00 1.59 0.10 
9917 1446 0004 0154 220,066 1/2943 1.07 2.07 1.00 1.07 2.15 1.08 0.10 
2047 1442 0000 0222 230,175 1/226 0.80 1.94 1.14 6.60 1.99 1.19 0.10 
9126 14586 -0004 0238 299,952 1/228 0.78 1.84 1.06 0.32 1.95 1.63 06.10 
33 1447 0025 0215 218,618 1/242 1.09 2.05 0.96 0.30 2.09 1.79 0.09 
5502 1501 0005 0305 248,190 1/293 1.00 2.14 NR 0.42 2.33 1.91 0.13 
5246 1444 0090 0235 266,063 1/211 0.54 1.71 1.17 0.49 2.35 1.86 0.13 
06 57 1456 -0001 0306 259,123 1/200 0.89 1.47 0.55 0.89 1.55 0.66 0.21 
1152 1425 0004 0236 251,415 1/211 1.18 2.07 0.89 0.92 2.16 1.24 0.20 
1710 1515 0020 0300 237,239 1/225 NR NR NR 0.91 1.87 0.96 0.11 
14412 1446 019 02336 242,907 1/215 0.54 1.35 0.61 0.54 1.64 1.14 0.11 
2152 158M 22 0245 224,132 1/233 0.71 1.84 1.23 O41 1.99 1.56 0.10 
3140 1440 0004 0806 214,562 1/247 0.99 1.74 1.52 0.92 2.08 1.86 0.11 
1940 1435 0024 02 327 935,082 1/228 0.39 1.51 1.12 0.87 1.66 1.51 0.10 
2651 1445 0020 0233 218,941 1/242 0.47 2.00 1.53 0.47 2.16 1.69 0.10 
35120 1444 0008 0304 210,245 1/253 0.38 2.06 1.68 0.39 2.15 1.76 0.09 
C521 15 34 NR 0258 269,947 1/194 0.97 1.12 0.15 0.31 1.58 1.27 0.19 
1237 #1452 0020 0244 247,604 1/212 06.51 1.50 1.01 0.51 1.62 1.11 0.10 
2209 #1433 O00 01 0254 207,867 1/234 0.66 1.94 1.28 0.57 2.01 1.44 0.06 
11.0% #14459 O66 14 O28 58 946,347 1/910 1.15 1.69 0.54 1.03 1.73 0.70 0.16 
33.22 1512 0023 02435 912,607 1/985 6.85 1.99 1.14 0.72 2.15 1.46 0,14 
Th 45 1452 0010 O03 27 231,799 1.7884 0.55 1.41 0.96 0.55 1.72 1.17 0.10 
2947 1435 OO17 02 3s 215,974 1/245 0.56 0.77 0.21 0.55 2.05 1.50 0.09 
43°97 1456 0015 0246 204,546 1/256 0.46 1.48 1.02 0.38 2.09 1.71 O.11 
4217 1500 -06003 0259 204,852 1/256 0.43 1.30 0.87 0.43 1.78 1.85 0.11 
1007 1455 00 11_ 0248 247,813 1/215 0.84 1.65 1.0% 0.84 1.95 1.11 0.18 
46 54 #1526 0610 0335 254,103 1/211 06.97 1.75 0.78 0.49 2.91 1.72 6.07 
0530 1504 0001 0247 253,808 1/204 0.64 1.01 0.37 0.56 1.04 0.46 0.20 
18 58 1452 -0011 0227 297,908 1/233 NR NR NR 0.94 2.05 1.11 0.16 
0525 1452 00.02 0330 252.404 1°9904 NR NR NR 0.62 1.08 0.46 0.20 
1429 #1446 311 0253 236,343 1/295 0.60 2.04 1.44 0.60 2.04 1.44 _ 0.10 
9254 1436 0034 0223 295,173 1/236 0.99 1.77 0.75 0.62 1.93 1.31 0.09 
2623 1448 OO 19 0215 220,949 1/243 0.66 1.78 1.12 0.56 1.97 1.41 0.09 
3496 1455 0095 0257 911,694 1/2954 0.52 2.09 1.50 0.46 2.10 1.64 06.10 
50 0r 1416 0013 0320 203,919 1/258 NR NR NR 0.38 2.06 1.68 6.05 
13543 14498 0923 02997 241,956 1/915 0.96 1.30 1.02 0.26 1.67 1.38 0.06 
2716 1454 COTS 0227 218,311 1/245 0.80 1.85 1.06 80 2.00 1.20 0.10 
0925 1454 OO 07K 0256 246,871 1/909 6.44 1.70 1.296 0.40 1.80 1.40 0.91 
22410 1450 0026 0231 999,945 1/240 1.20 1.99 1.72 0.66 1.95 1.32 0.19 
Int 145) OO 14 03:00 232,377 1/931 0.63 1.48 0.85 6.55 1.65 1.07 0.11 
3246 01419 0010 0243 212,663 1/253 6.21 1.62 1.41 0.10 1.74 1.64 0.07 
Sn 12 1425 -0004 NR 24,987 1/256 6.66 2.02 1.36 0.48 2.09 1.54 0.91 
1725 14453 0001) NR 240,187 1/224 0.78 1.63 0.85 0.71 2.09 1.38 0.10 
Limiting 

D Max Range 1.04-2.35 

D Min Range 0.10-1.07 

Average D Max 1.92 

. ve 
Gro«~ Fog Range 0,07 -1.21, ere a8 
Average Grox~ Fog 0212 
- 1]4- 
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APPENDIX C. DENSITY READINGS 


1. Stellar Index Camera. tometer, Model EP 1000, with an ET-20 ar- 
Density readings were taken on each tachment and a 0.5 mm aperture. The 
pass, using a Macbeth QuantaLog Densi- values are correlated below. 


DO1 f “ D23 5 





1 rg 9.23 0.25 1.95 0.24 195 1.14 0.21 0.93 0.21 
2 Dol 14 2.37 0.25 2.12 0.25 911 D23 117 2.62 23 2.39 29 
3 B03 3 1.29 24 86.05 0.24 212 D4 2 2.37 0.21 2,16 0.19 
17 bD03 101 2.18 0.25 1.90 0.24 229 D24 121 2.90 0.24 2.66 0.22 
18 Do4 5 0.73 0.25 0.44 0.25 230 A25 4 NR NR NR 0.22 
40 D044 159 2.43 0.200 62.23 0.15 231 Ds0 3 2.51 Q.25 2.26 0.33 
41 DOS 7 1.78 0.20 1.56 0.18 236 D31 2 2.70 0.22 2.45 0.19 
56 DO5 1t2 2.36 0.21 2.17 0.17 242 D31 44 2.53 0.23 2.30 0.20 
57 DO6 1 1.2) 0.19 1.02 0.15 243 D33 6 NR NR NR 0.19 
76 DOG 134 2.43 0.23 2.20 0.19 283 D33 146 2.62 0.23 2.39 9.22 
ray DOT 1 1.96 ).22 1.74 -0.19 264 D34 1 0.79 0.22 0.57 0.20 
90 BOT 92 2.65 0.26 2.42 0.22 276 D34 99 2.68 0.37 2.31 0.33 
91 DOs 3 2.20 0.22 1.95 0.20 280 D35 4 1.36 0.42 0.56 0.42 
100 DOs 64 2.4 0.23 2.41 0.21 295 D35 116 2.75 0.25 2.47 0.24 
10t A409 a NR NR NR 0.23 296 D36 T 2.66 0.28 2.36 0.25 
102 bos 2 2.23 0.22 2.01 0.22 311 D36 112 2.61 0.27 2.34 0.21 
115 Bog 93 2.64 0.30 2.34 0.27 312 D37 3 2.70 0.25 2.450 0.21 
1tf Ait 2 NR NR NR 0.27 332 D37 143 3.08 0.22 2.86 0.15 
117 DI a 2.24 0.31 1.98 0.28 333 D3s 6 2.34 0.21 2.13 0.19 
124 DIt 54 2.15 0.49 1.69 0.49 349 D36 118 £2.91 0.21 3.70 0.19 
125 DIS 3 tas 0.50 O.Ts 0.50 350 D39 1 1.32 0.20 1.12 0.20 
137 D19 56 2.52 0.40 2.12 0.35 377 Db39 190 3.06 22 2.84 0.19 
136 D20 6 1.95 0.40 1.55 0.39 378 A39 3 NR NR NR 0.19 
154 D20 118 2.74 0.25 2.49 0.20 379 D40 8 2.54 0.22 2.39 0.19 
155 D2! 4 2.27 0.85 92.02 0.21 401 D40 160 3.08 0.28 2.80 0.24 
174 D21 137 2.60 ‘0.22 2.58 0.19 402 Al 1 NR NR NR 0.32 
175 spl ry 1.16 0.23 0.93 0.22 403 Ail § NR NR NR 0.21 
194 D2. 140 2.75 G.20 2.55 0.19 404 D47 1 2.59 0.52 2.07 0.41 
= Note NR denotes no reading made 
Limiting 

Groxs Fog Range 0.1 80,40 D Max Range 0.72-3.05 

Average Gros= For 4 D Min Range 0.19-0.52 

, Average D Max 2.26 

Average D Min 0.27 
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2. Terrain Index Camera. | tometer, Model EP 1000, with an ET-20 ar- 
Density readings were taken on each tachment and a 05 mm aperture. The 
pass, using a Macbeth QuantaLog Densi- values are correlated below. 


a- 







Untitled 
or 
(Camera No. 









1 

2 

3 

4 

5 

6 . 

7 DO5 41 0.17 0.67 0.17 1.07 0.05 0.05 0.05 

5 56 0.27 1.37 0.27 1.37 0.05 0.05 0.05 

9 DO6 57 0.21 0.50 0.11 0.68 0.05 0.05 0.05 
10 i AMO ie SE oe AS 0.33 1.45 0.05 0.05 0.05 
11 Doz 17 6.13 .04 0.13 1.07 0.05 0.05 0.05 
12 90 0.30 1.60 0.19 1.60 0.05 0.05 0.05 
3 DOs 91 NR NR 0.29 1.36 0.06 0.06 0.06 
td 100 0.55 1.36 0.55 1.47 0.06 0.06 0.06 
13 AQ9E 101 = NR NR. ._ NR NR O07 0.07 0.07 
16 DO9 102 NR NR 0.22 1.25 0.07 0.07 0.07 
17 115 NR NR 0.10 1.30 0.07 0.07 0.07 
1s ALIE 116 NR NR NR NR 0.07 0.07 0.07 
19 Dii 117 NR NR 0.31 1.82 0.07 0.07 0.07 
20 4 NR NR 0.25 1.47 0.07 0.07 0.07 
2] D19 125 NR NR 0.11 0.72 0.07 40.0? 40.07 
22 137 NR NR 0.52 1.20 0.07 0.07 0.07 
an Det 13a 0.22 0.82 0.20 0.87 0.07 0.07 0.07 
24 145 0.25 1.18 0.25 1.18 0.07 0.07 0.07 
2h D2) 155 15 0.76 O15 2.04 0.07 0.07 0.07 
26 174 NR NR 0.55 1.51 0.07 0.07 0.07 
27 D2? 175 NR NR 0.08 0.62 0.07 0.07 0.07 
26 194 0.47 1.53 0.47 1.53 0.07 0.07 0.07 
29 D23 195 NR NR 0.10 0.32 0.07 0.07 0.07 
30 211 0.17 1.26 = O17 1.28 0.07 0.07 0.07 
2] D24 212 0.38 0.65 0.27 0.99 #4007 0.07 © 0.07 777 
32 229 0.29 1.55 0.29 1.56 0.07 0.07 0.07 
3: A25E 230 NR NR NR NR 0.07 . 0.07 0.07 
34 D30 231 0.23 0.67 0.23 1.52 0.07 0.07 0.07 
Ra 235 NR NR. O17) | 1.70 8.07_ 0.07. «0.07 
36 D31 236 - 0.20 1.02 0.20 1.55 0.07 0.07 0.07 

; 242 0.22 0.52 0.22 1.34 0.07 0.07 0.07 
an D33 243 NR NR NR R 0.07 0.07 0.07 
29 263 NR NR 0.12 1.79 0.07 0.07 0.07 
40) D34 264 NR NR 0.04 044 0.07 0.07 2 0.07 | 
4] 275 0.30 0.93 0.17 1.13 0.07 0.07 0.07 
42 D35 279 NR NR 0.08 0.45 0.07 - 0.07 0.07 
43 295 0.27 1.22 0.27 1.22 0.07 0.07 0.07 
44 D36 296 0.26 1.2h 0.26 1.26 0.07 0.07 0.07 
45 311 NR NR 0.17 1.39 0.07 | 0.07 0.07 
46 D37 31z NR NR 0.41 1.16 0.07 OOF ~~ b.07~ 
7 332 NR NR 0.25 1.53 0.07 0.07 0.07 
4n D3s 333 0.17 O.K4 0.17 0.92 0.07 0.07 0.07 
49 349 0.66 1.39 0.66 1.39 0.07 0.07 0.07 
aT p39 350 NR NR 0.08 0.82 0.07 0.07 0.07 
at AGT NR NR 0.40 1.26: 0.07 0.07 0.07 








a”) 7 @ om 












Gross Fog 
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52 A39E 376 NR NR NR NR 0.07 0.07 0.07 

58 D40 379 0.30 0.82 0.30 0.98 0.07 0.07 0.07 

54 401 0.28 1.45 0.28 1,58 0.07 0.07 0.07 

55 A41E 402, NR _ NR NR NR 0.07 O00 2. 2) oy Oi 
~ "56 $03 NR NR NR NR 0.07 0.07 0.07 

37 D47 404 0.16 1.29 0.18 1.29 0.07 0.07 6.07 

56 406 0.15 0.74 0.15 0.74 0.07 0.07 0.07 

59 D49 409 0.32 0.88 0.20 0.88 0.07 0.07 0.07 

60 413 0.29 1.16 0.29 1.16 0.07 0.07 0.07 





Note NR denotes no reading made 





Terrain Limiting 

D-Max Range 0.67-1.86 D-Max Range 0.32-1.79 
D-Min Range 0.13-0.66 D-Min Range 0. 08-0.66 
Average D Max 1.07 Average D Max 1.19 
Average D Min 0.27 Average D Min 0.24 

Gross Fog Range  _0.05-0.07 

Average Gross Fog 9.07 
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- APPENDIX D. EDGE SPREAD FUNCTION 


In an attempt to establish an objective meas- 
urement of image quality in photography, the 
technique of obtaining the spread function from 
microdensitometric edge traces is being inves- 
tigated. The spread function curve represents 
the whole photographic system, and is a summa- 
tion of the separate elements: lens, film, and 
uncompensated image motion due to vibration, 
velocity, roll, pitch, yaw, and aerial turbulence. 

To assign a single number to the spread 
function, the width is measured at 50% amplitude. 
This number, usually expressed in microns, may 
be converted by use of the scale facrors to ground 
distance in feet. 

Edges meeting the criteria described below 
have been found in domestic passes of missions 
in the same frame as resolution targets and have 
been scanned. The ground distance in feet, thus 
determined, has been close to that determined 
from the resolution target. Although the tech- 
niques used are not refined and are considered 
to be stil] in the development stage, the poten- 
tial of this type of objective analysis should be 
realized. The two examples of edge scans and 
their respective spread functions are included 
as a preview of this type quality analysis. 

Any optical image can be thought of as being 
composed of an infinite number of image points 
for lines) of light, each being conjugate with 
points (or lines) in the object. While the object 
points can be infinitesima! light sources, the 
image points are alwavs mounds or distributions 
of light having finite size. This blurring of 
light points in a photographic system comes 
from diffraction and aberration in the lens, 
light spreading and diffusion in the emulsion, 
and image motion caused by camera movement 
and atmospheric shimmering. The fundamental 
building block of the image then is the distribu- 
tion of light in any of the image points. This 


distribution is called the spread function of the 
photographic system. 

Lamberts and others have explained the 
mathematical and experimental] correspondence 
of a sharp edge and its spread function. An 
analogy exists in the techniques of studying 
electrical system response. The analysis re- 
quires that the source or object fulfill the con- 
ditions of a unit step function, i.e. exist for an 
appreciable time or distance at a fixed signal 
level and instantaneously or abruptly change to 
a new level which is maintained for an appre- 
ciable time or distance. The spread function is 
obtained by differentiating the signal output curve 
point by point; i.e. measuring the rate of change 
or signal with time or distance, and plotting 
Signal amplitude versus time or distance. 

As a starting point the mission is examined 
to locate examples of best photography with edges 
long enough and straight enough for use in the 
microdensitometer, and having uniform density 
on each side of the edge to fulfill the conditions 
of a unit step function. This requirement is 
usually achieved by rooftops of buildings in 
large-scale photography, and only aircraft run- 
ways or taxiways in small-scale photographs. 

The microdensitometer used is a Joyce- 
Lobel Double Beam Model IIIC. it is used with 
an effective slit of 1 micron by 125 microns. 
The recording table and sample table are directly 
linked with a ratio arm of 1000:1. The speed of 
the scan is variable and is determined by the 
amount of pen deflection (as the pen is deflected 
the speed decreases giving the pentimetoreach 
its maximum response). The chart thus pro- 
duced represents a plot of chart displacement 
versus distance. This plot is manually smoothed 
by the analyst and is a judgment of what the edge 
would be if grain and other anomalies were 
absent. 
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The data reduction is done manually at 
present, but the feasibility of using the UNIVAC 
490 computer is being investigated. The micro- 
densitometer calibration curve (chart displace- 
ment to density) is used to determine the den- 
sities at equal distance increments along the 
trace. The curve for the material density to log 
exposure (D Log E) is used to determine the Log 
E and therefore the exposure (E) required to 
produce the determined densities. The values of 


TOP-SECRET CORONA 
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E are plotted against the distance across the edge 
to produce the original scene reflectance dis- 
tribution as recorded in the negative. The final 
step is a determination and plotting of the slope 
of this curve (dE/dX) versus distance, point by 
point. This last plot is the line spread function 
for the whole photographic system. 

The width of the spread function curve is 
measured. at 50% of maximum amplitude and is 
noted on the enclosed graphs. 
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